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ON T H E  L I Q U E F A C T I O N  OF OZONE, AND ON ITS 
COLOR IN T H E  GASEOUS STATE. 

By M1VI. P. I-[AUTEFEUILLE and J. CrlAPeUIS. 

Ozone, as commonly prepared, possesses in oxygen so small a tension, 
53 mm. at most, that its physical properties are scarcely known and 
distinguished from those of oxygen. We know the difficulties which 
M. Soret ha~ so skillfiitly~overeome in determining the density of 
ozone by operating upon oxygen slightly ozonized. 

Among the physical constants of this body it~ formatlon-heat has 
been accurately determined by M. Berthelot, notwithstanding tile 
degree of dilution in which it occurs when issuing from the efttllve 
apparatus. Tl}e preparation of a mixture very rich in ozone is the 
first condition to be fulfilled in order to acquire new notions concern- 
ing this curious substance. We have formerly established that the 
isomeric transformation of oxygen submitted to the electric efftuve 
follows simple laws, and that tile proportion of ozone increases very 
little with the pressure for each temperature, whilst it is quintupled in 
passing from 20 ° to --55 ° . I f  withdrawn from the action of the 
electric discharges the mixture of ozone and oxygen ceases to be a 
homogeneous system in equilibrium. Neverthelessthe mixture remaius 
without appreciable alteration during the whole time that a constant 
temperature is maintained, operating below 0 °. This relative stability 
of ozone has enabled us to compress the mixture, and to obtain ten- 
sions of ozone of several atmospheres. 

As it is necessary to prepare the ozone designed for these experi- 
ments at the' highesg tension possible, oxygen must:be ozonized at a 
very low temperature. Consequently it is kept for a quarter of an 
hour in an apparatus for alternative discharges, the slender concentric 
:glass tubes of which are phmged in methyl-chloride ; then it is caused 
to pass into the cylinder terminated by a capillary tube of Cailletet's 
apparatus. This reservoir, of abou~ 60 ce. capacity, originally a 
vacuum, and kept at --23 °, cannot be filled at once under a pressure 
borderi,g upon 760 ram., and is rapidly connected 5 times in succes- 
sion with the effluve apparatus, the 'capacity of which cannot exceed 
20 cc. In an hour and a quarter we succeed by this'means in filling 
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the cylinder with a mixture of oxygen and ozone very rich in the 
latter gas. 

The cylinder is then taken out of the methyl-chloride, and separated 
from the effluve apparatus by a stroke of the file; the gas which it 
contains is slowly driven back by means of mercury cooled down ta 
0 ° into the capillary tube,~whicb is kept a - -23  °. 

The mercury which transmits the action of the hydraulic press does 
not impoverish the gaseous mixture as rapidly as might be apprehended ; 
there is formed on the surface of the metal a solid varnish, which 
rapidly limits the action ; the heating of the gas during compression 
is more to be feared. Notwithstanding these difficulties we succeed ir~ 
increasing the tension of the ozone in a very high proportion. From 
the firs~ strokes of the piston the capillary tube becomes a sky-blue. 
This coloration becomes more marked in proportion as the volume of 
the gas is reduced, and if the tension of the gas is brought by com- 
pression to several atmospheres the gas is an indigo-blue, and the 
meniscus of mercury, seen through the gas, a steel-blue. The blue. 
color of the gas becomes less intense, and the mercury resumes its 
ordinary metallic aspect when the tension of the ozone is diminished. 

The above mixture contains enough ozone to permit the observation 
of' a dense white mist at the moment of release after a compression of" 
75 atmospheres. I t  is therefore not necessary to compress "ozonized 
oxygen as much as pure oxygen (300 atmos.), in order that a sudder~ 
release may occasion the momentary formation of a mist, the eertai~ 
sign of liquefaction or even solidification, i comparative study o~ 
mixtures of oxygen and ozone, and of oxygen and carbonic acid, show~ 
that under conditions which are fairly comparable the release must be 
stronger for ozone than for carbonic acid in order to make a mist 
appear. Ozone is therefore a little less easily liquefied than carbonic 
acid. 

The mixture of oxygen and ozone, being an explosive gas, should 
always be e~)mpressed slowly aud refrigerated. I f  these conditions 
are not observed the ozone is decomposed with the liberation of heat 
and light, and there is a strong detonation attended with a yellowis/~ 
flash, l'V[. Berthelot has shown that the transformation of oxygen into. 
ozone absorbs 14"8 cals. per eciuivalent (Os ~ 24 grins.). Ozone there- 
fore ranks among the explosive gases, and our experiments show that 
like them it is capable of a sudden decomposition. A part of these 
new facts may also be observed in oxygen which has been passed slowly 
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at common temperatures through an effiuve apparatus. For  if  the gas. 
is rapidly compressed in a capillary tube placed in s v ~ r  at 25 ° the 
ozone is often destroyed with explosion. But if the same gas is cooled 
down to - -23 ° the ozone which it contains may be brought to a ten- 
sion of 10 atmospheres, aad may be preserved for hours under these 
ooaditions of t~ ' a~ re  and temperature if  the gas is separated from, 
the mercury by a column of sMphurie acid. We observe then almost 
as distinctly as in the former experiment , which is more difficult to  
perform, that ozone is a gas of a beautiful sky-blue. Its color at a 
tenfold density is so intense that we have bean able to see it in a tube 
of 0"001 metre in diameter when operatil~g in a very badly lighted 
room of the laboratory of the Ecole hTormale. 

I t  is therefore ascertained that under a strong pressu[e ozone is a 
colored gas, but is it the same with ozone at the tension of a few 
millimetres ? The blue color is as characteristic of ozone as its odor, 
for at all tensions it is recognized on examining a stratum of the gas 
of sufficient depth. In  order to render it apparent it is merely needful 
to interpose between the eye and a white surface a tube of 1 metre 
long traversed by the current of oxygen which has passed through 
Berthelot's etituve apparatus. The color of the gas then resembles 
that of  the sky, and is deeper or lighter according as the oxygen has 
remained a longer or shorter time in the apparatus, and is consequently 
more or less rich in ozone. As soon as the effiuve is interrupted the 
blue color disappears, the ozoniaed oxygen being replaced by pure ~ 
oxygen.~Compte~ Rendus. 

S i p h o n s  i n  S e w o r l . - - I n  constructing sewars it is often nec~s~ry 
to lead them across the branch of a river or some other water course. 
The passage has usually been accomplished on the plan of ~ .  Bel- 
grand, by means of a submerged siphon. The sunken portion, how- 
ever, often clogs, and even where Belgrand's cleansing sphere is intro- 
duced the visits and repairs are difficult and costly. Mauriee ],e6vy 
has introduced an elevated siphon, to ($rry the sewer waters frolr~ 
Bercy over the St. Murtin canal. Water pipes and valves are con- 
nected with the summit of the siphon in such way as to act automati- 
cally whenever the movement of the sewage becomes sluggish, and 
the experiment has proved satisfactory and eeonomieal.--Ann, des: 
Pont. et Chau~. C. 


